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第 1章 緒言 
熱分析法，ラマン分光法，同時測定法の原理，過去の研究について問題点を整理・検討
し，DSC-ラマン分光同時測定法の意義や位置付けを明確にした． 








第 3章 医薬品結晶多形の転移 
医薬品のカルバマゼピンは鎮痙剤，気分安定剤としててんかんや双極性障害で一般に処

























第 5章 結論 







 Physical property and structure are closely related to each other. Temperature dependence of 
physical property and structure of materials are important factors because they affect the function of 
the final products. Differential scanning calorimetry (DSC) is used to investigate the thermal 
property of materials because of its high sensitivity and accuracy. For instance, the glass transition, 
crystallization and melting temperatures and the crystallinity of polymers are obtained by DSC. On 
the other hand, the information about the structure cannot be obtained by DSC. XRD, NMR and IR 
are used to study the structure of materials. These structural analysis methods are used by varying 
temperature with optional VT unit whose temperature accuracy is much less than DSC. In-situ 
measurement apparatus with DSC and the structural analysis method will supply much information 
about the temperature dependence of the structure. The purpose of this study is the development and 
application of in-situ DSC-Raman spectroscopy measurement system. 
 In chapter 2, the interface probe to combine DSC and Raman spectroscopy is designed and 
constructed. A power compensation DSC is used for in-situ measurement system because of the low 
temperature variation by the laser irradiation for Raman measurements. The optimum measurement 
condition for DSC-Raman spectroscopy was to apply the intermitted laser irradiation with the 
power of 100 mW, the irradiation time of less than 3s and the two times accumulation. The obtained 
DSC signals are modulated by the intermitted laser irradiation and the correction is required. The 
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where R1, m Cp, R2, J, ∆H, α is the thermal resistance, the sample mass, the specific heat of sample, 
the thermal resistance between sample and sensor, the impressed energy per second by the laser 
irradiation, the enthalpy and the fraction of the transition. The first term of eq.1 corresponds to the 
area of heat flow during one cycle measurement. The second term corresponds to the maximum and 
minimum values of the heat flow. By using eq.1, the obtained DSC data is corrected. In order to 
verify the validity of this correction method, the melting of Indium which is used as the reference 
sample is measured by in-situ DSC-Raman spectroscopy. The obtained melting temperature and the 
heat of fusion are very close to the standard values. Further, in-situ DSC-Raman spectroscopy is 
also applied to PLLA. Analyzed data indicate the existence of the recrystallization behavior in 
addition to Tg and Tm. Corresponding to these transitions, Raman peak shifts, intensities, and 
widths varied. From those results, it is proved that DSC-Raman spectroscopy is useful for the 
analysis of thermal property of materials in connection with the structure. 
 In chapter 3, the transitions of four polymorphs of carbamazepine are studied by DSC-Raman 
spectroscopy. Form III changes to form I at about 176  at which the℃  melting of form III followed 
by the crystallization of form I. From the temperature dependence of Raman peak intensity, form III 
fluctuates at much lower than the melting temperature. At the on-set temperature, the peak intensity 
of form I increases and reaches maximum at the melting peak of DSC. From this behavior of peak 
intensities and DSC heat flow, the transition from form III to I proceeds through the melting and the 
following crystallization. As form II indicates the glass transition and the transition temperature 
from form II to IV varied dependent on the sample preparation, form II is the metastable phase 
where the reorientational motion of the molecule is restricted. The Raman spectra for form II and IV 
are obtained by in-situ DSC-Raman spectroscopy. 
 In chapter 4, Composites of PLLA and methylcyclodextrin are studied. PLLA is a biodegradable 
plastic and one of the most famous plastics made from biobased materials. However, its physical 
strength is insufficient compared to general-purpose plastics. In this chapter, the effect of 
methylcyclodextrin (MeCD) addition on the structure and physical properties, especially the 
drawing behavior, of PLLA was investigated. Through thermal analysis, it was found that MeCD 
addition lowers the crystallinity and enhances the mobility of PLLA. The sample containing 17% 
MeCD was drawn to more than 1000% at 60 °C, although PLLA fractured at a strain of less than 
100%. Differential scanning calorimetry DSC-Raman in situ measurements also revealed decreases 
in the glass transition temperature, cold crystallization temperature, and melting point, and 
improvement in structural distribution with temperature. DSC-Raman measurements 
simultaneously supplied information about crystallinity and thermal properties. Thus, it was 
concluded that MeCD had high affinity for PLLA, and the addition of MeCD increased the 
amorphous component of PLLA and enhanced the drawability.    
 Thus, in this study, in-situ DSC-Raman spectroscopy is designed and developed. Application of 
this method explains the thermal behavior and structural change reasonably. It is concluded this 
method is useful to investigate the temperature dependence of structure. 
 
